INTRODUCTION
During recent years a number of chemical and histological studies have been made on the rat's uterus during pregnancy and in the period of post-partum involution (Harkness & Harkness, 1954 ; Harkness & Moralee, 1956; Woessner, 1962; Fainstat, 1962 Fainstat, , 1963 (Shetlar, Kelly, Foster, Shetlar & Everett, 1950; Gillman & Pillay, 1959) . In view of this, serum mucoproteins were analysed in order to detect any possible relationship with the mucopolysaccharide content of the uterus. It has been found, by histological examination, that although the size of the uterine muscle cells varies widely during pregnancy and post-partum involu¬ tion, the number of cells does not appear to change (Maibenco, 1960; Kuramitsu & Loeb, 1921; Dawson, 1946) . In view of the apparent change in the volume ratio of nuclei to cytoplasm, analyses were made for the nucleic acid content of the uterus. Woessner (1962) noted in the rat a slight increase in the serum hydroxyproline in the period 0 to 96 hr post partum compared with the value found after this time. In the present study an attempt has been made to correlate the serum hydroxyproline level with the loss of collagen from the involuting uterus. Hyperinvolution (decrease in the size of the uterus below the non-pregnant level) does not occur in the rat uterus (Kuramitsu & Loeb, 1921) , or in the cat (Dawson, 1946) , if lactation is prevented. Its occurrence has been correlated with lack of oestrogens arising from inactivity of the ovarian follicles during lactation. It would appear that this mechanism is neurohormonal and effected via the pituitary and ovaries. In view of this known effect of lactation on uterine involution a second series of analyses was carried out on uteri from rats in which lactation had been prevented by removal of the litter at birth. The term 'nonlactating' will be used in this paper to refer to a rat from which a litter has been removed immediately post partum.
The effect of several hormones on the degree of post-partum involution was also studied. (1933) .
METHODS AND MATERIALS
Uronic acid was determined in 1 ml portions of the hydrolysate by the method of Dische (1947) . Glucuronolactone 
RESULTS
Changes in total mass of uterine horns
The average total wet weight of the uterine horns on the 20th day of preg¬ nancy was 2-33 g representing an increase of 540%, above the non-pregnant value, which agrees closely with the 560% increase reported by Harkness & Harkness (1954 Thereafter, from the 4th to 8th days post partum, in the lactating animals, the level of uterine collagen fell below the non-pregnant value while the total collagen in the non-lactating animals still remained above the non-pregnant level. As in the case of the wet and dry weights, at 8 days post partum the total uterine collagen was approximately twice as great in the non-lactating as in the lactating rats.
Due to the fact that the rates of loss of weight and collagen were not equal during the post-partum period, the collagen concentration (expressed on a percentage basis) fluctuated considerably (Text- fig. 3a ). During the whole of the period studied the collagen concentration was below the normal value due to the fact that during pregnancy the uterine weight increased by a larger factor (540%) than did the total collagen (350%). The lag in the disappear¬ ance of collagen was slightly more pronounced in the non-lactating animals which resulted in a higher value for the uterine collagen concentration in these animals on the 2nd day postpartum (Text-fig. 3a) .
The maximum rate of loss of collagen in both groups occurred on the 2nd and 3rd days post partum when the fraction of remaining collagen lost in a 24 hr period was about 1/2 (Text- fig. 2a ). It may be seen therefore that, although the initial rate of loss of collagen was less than the overall rate of loss of tissue sub¬ stance, this difference was reversed on the 2nd and 3rd days post partum.
After the 3rd day post partum, the rate of loss of collagen decreased in both groups. No significant change occurred between the 5th and 8th days post partum in the non-lactating group, whereas in the lactating animals loss of collagen continued, reaching a final value of about half the total non-pregnant amount.
Hexose
The total hexose content of the horns showed an increase at Day 20 of pregnancy of 800% above the non-pregnant level and decreased rapidly after parturition (Text- fig. 2b ). In contrast to the collagen curve there was no lag period in the loss of hexose.
The relative increase in total hexose during pregnancy exceeded the increases in either the weight or collagen content of the uterine horns. The relative decrease in hexose content post partum was also greater than that of collagen. By the 8th day post partum the uterine hexose content in the lactating group had declined to about 1/15 of the value at term, compared with a fall in collagen of l/7"3 of the initial value. The rate of loss of hexose was similar in both the lactating and non-lactating groups until the 3rd day post partum when it decreased sharply in the non-lactating group. The level of hexose in the latter group did not fall below the non-pregnant level and at the 5th and 8th days post partum it was about double that of the lactating group.
The concentration of hexose was markedly elevated above the non-pregnant level from the 15th to 20th days of pregnancy in contrast to the collagen con¬ centration which was below the non-pregnant level during this period. After parturition (Text- fig. 3b ) there was a steep and sustained fall in hexose con¬ centration, the percentage of hexose in both groups falling below the nonpregnant level; during the period from the 3rd to 8th days post partum the hexose percentage was markedly greater in the non-lactating group, although still below the non-pregnant level.
Hexosamine
The total hexosamine content of the uterine horns increased during preg¬ nancy to 490% above the non-pregnant level and decreased sharply after parturition. There was no evidence of a lag period in the post-partum loss of hexosamine. There was also little difference between the lactating and nonlactating rats until the 3rd day post partum when the rate of loss of hexosamine in the non-lactating group decreased sharply while in the lactating animals loss of uterine hexosamine continued and the content fell below the non-pregnant level from the 5th to 8th days post partum. The hexosamine content during the first 5 days postpartum in the lactating group declined to 1/8 of the value at term.
Uronic acid
At term, the total uterine uronic acid was 480% above the non-pregnant value (Text-fig. 2d ). Parturition was followed by a rapid loss and the curve showed no evidence of a lag period. As with the other components studied, the results for both lactating and non-lactating rats were very similar until the 3rd day post partum, after which the rate of loss of uronic acid decreased in the nonlactating animals at a time when, in the lactating group, the level fell below the non-pregnant level (Text-fig. 2d ). The uterine uronic acid concentration was depressed somewhat below the non-pregnant level during the whole of the period studied although the decrease was not great (Text- fig. 3d ). Little difference was observed between the lactating and non-lactating groups.
Nucleic acid
The total nucleic acid content of the uterine horns increased so that at Day 20 of pregnancy the amount was 430% above the non-pregnant level (Text- fig. 4a ) However, only a very small increase took place between the 15th and 20th days of pregnancy. The nucleic acid concentration decreased during this period (Text-fig. 4b) (Text-fig. 6b ). Woessner (1962) found that a linear relationship may be obtained by plotting the square root of the total uterine collagen against time and concluded that collagen was prob¬ ably being removed from the surface of the fibres. However, the difference in rate of collagen loss to overall tissue loss may be due to the fact that, in the (Grant, unpublished) it was found that homogenates of involuting rat uterus did not digest undenatured reconstituted rat tail collagen over a wide range of pH (2 to 10) at room temperature, whereas such preparations were rapidly digested by bacterial collagenase (pH 5 to 9). However, collagenolysis was observed when slices of involuting and non-pregnant uteri were placed on a reconstituted undenatured collagen gel equilibrated with Tyrode solution and maintained at 37°C ; this effect has also been recorded by Gross & Lapiere (1962) .
As with loss of tissue on a weight basis, the rates of loss of collagen in lactating and non-lactating rats diverged widely after the 3rd day post partum. The amount of collagen in the uteri of lactating animals decreased below the nonpregnant level from the 5th day post partum onwards, while in non-lactating animals it remained elevated above the non-pregnant control level. It would appear that the level of uterine collagen at a given time is partly dependent on the availability of steroid hormones and that there is a relative deficiency during lactation.
According to Harkness & Moralee (1956) and Woessner (1962) hydroxy¬ proline derived from the breakdown of uterine collagen is removed from the uterus via the blood. In the present study the serum hydroxyproline level was elevated during involution, reaching a peak on the 3rd day post partum, that coincided almost exactly with the time of maximum rate of collagen loss from the uterus. However, the magnitude of the rise in serum hydroxyproline was small when compared with the total amount of hydroxyproline lost from the uterus during involution. Since only a small fraction (30%) of the uterine hydroxyproline appears to be excreted in the urine (Woessner, 1962) (Shetlar et al., 1950; Gillman & Pillay, 1959) and in rats that the serum mucoprotein level was markedly elevated during the latter part of pregnancy as well as during post-partum involution, the peak occurring at term. The significance of this rise in the serum mucoprotein level is obscure, but Darcy (1957) has shown an increase in the rat's serum mucoprotein (a-glycoprotein) level during periods of rapid tissue growth, e.g. regeneration of the liver, as well as in pregnant animals. The same result was found by Darcy in animals bearing rapidly growing tumours. It therefore appears that the rise in serum mucoprotein here recorded may be related to the overall growth of the uterus and foetuses rather than to the increase and subsequent decrease in the mucopolysaccharide content of the uterus. Darcy (1960) has also found that the mucoprotein is not produced by the growing tissue itself, but arises elsewhere in the body. Our observations fit this hypothesis for, when the uterine mucopoly¬ saccharide content is falling rapidly, the serum mucoprotein is also decreasing. If the serum mucoprotein was derived partly from the uterus it would be ex¬ pected to show an increase at this time. The serum mucoprotein analyses were restricted to sera from lactating rats only.
NUCLEIC ACIDS
It has been found that growth of uterine muscle during pregnancy is mainly a process of hypertrophy of the cells, the number of cells being almost unaffected (Maibenco, 1960) . During involution there is a rapid loss of cytoplasm and at the end of the involution period the nuclei of the muscle cells can be seen to be grouped fairly closely, whereas at term they are widely separated by cytoplasm. In view of this apparent change in the volume ratio of muscle nuclei to cyto¬ plasm, it might be expected that a change in the concentration of nucleic acid would accompany involution since the nucleic acid content of the nucleus is greater than that of cytoplasm. This is clearly demonstrated here (Text- fig. 4b ), the concentration of uterine nucleic acid being approximately doubled during the involution period. Moreover, the fall in the total uterine nucleic acid was less than the relative decreases of all other chemical components estimated during involution.
HORMONE TREATMENT During the first 3 days post partum the rate of involution was similar in both lactating and non-lactating animals. After this time involution practically ceased in the non-lactating rats, but continued to the hyperinvolution stage in the lactating group. This difference has been ascribed to lack of oestrogens (Dawson, 1946) and, moreover, administration of oestrone has been shown to result in an increase in the weight and collagen content of the uterus in the spayed rat (Harkness, Harkness & Moralee, 1957) , progesterone having a similar effect. The present results (Table 1) show that both oestrone and pro¬ gesterone, administered to lactating rats, resulted in significant weight increases compared with the control group. Progesterone, however, inhibited lactation after the first day of administration. The effects of oxytocin and prolactin treatments were not significant. Only the control lactating group showed a significant hyperinvolution (P<005) compared with the non-pregnant group.
In conclusion, the fact that uterine involution involved a rapid loss of all the chemical components measured in this study indicates that, in addition to proteolytic enzymes, enzymes capable of splitting mucopolysaccharides, mucoproteins and nucleic acids also appear to be liberated in highly active form immediately following labour. The elucidation of the degradative mechanisms, enzymic or otherwise, operating during the period of post-partum involution of the uterus presents a challenging problem. So far most of the work in this direction has been restricted to proteolytic enzymes and in particular to the breakdown of collagen, but clearly these studies should be extended to the dissolution of the other tissue constituents. It has been suggested that some of these enzymes may be lysosomal in origin (Woessner, 1962) and it may be possible to correlate morphological changes in the subcellular particles of the uterine cells observed by electron microscopy with the release and activation of hydrolytic enzymes during post-partum involution. Moreover, studies of the interactions of various hormones with isolated subcellular fractions from the uterus and isolated uterine enzymes should also yield information which may lead to a clearer understanding of this dramatic biological process.
